A surprisingly large number of short-period comets have been observed with significant activity (a coma and even a well-developed dust tail) at heliocentric distances greater than 3 au, where the water sublimation rate is low and thus the sublimation of other volatiles, such as for example CO, could drive the presence of a coma. As CO is not the main ice in the comet nucleus, the dust release from the nucleus surface as a result of CO drag is expected to be very different from that caused by water.
1994; Hainaut et al. 1998; Boehnhardt et al. 1999; De Sanctis et al. 2000; Jewitt, Sheppard & Fernandez 2003; Licandro et al. 2003; Snodgrass, Fitzsimmons & Lowry 2005) .
Several long-term programmes have been realized in recent years to observe from the ground (mostly by means of visible imaging) a huge number of comets at large heliocentric distances, in order to perform an extensive analysis on nuclear properties such as magnitude, shape, rotational status, albedo and size (Meech, Hainaut & Marsden 2004; Licandro et al. 2000; Lowry et al. 1999; Lowry & Fitzsimmons 2001; Lowry, Fitzsimmons & Collander-Brown 2003; Lowry & Weissman 2003; . Recently, two extensive works (Lamy et al. 2005; Tancredi et al. 2006) collected all the data available on short-period comets (hereafter SPCs) from these systematic surveys. The aim was to perform a comparative analysis within cometary classes and subclasses, and to investigate the size distribution and the cumulative luminosity function within the whole (composite) catalogue.
All previous surveys had the aim of investigating the properties of bare nuclei, but instead showed that a surprisingly high number of SPCs are unexpectedly very active, with a coma and even long dust tail at large heliocentric distances, where volatile sublimation is expected to be low. As examples, comet 152P/Helin-Lawrence showed dust activity at 5.85 au (Meech et al. 2004) , and comet P/1998 U4 (Spahr) was observed to be active at 6.14 au .
A thorough analysis of the activity of SPCs far from the Sun is important for many reasons.
(i) At heliocentric distances greater than 3 au the water sublimation rate is low, and thus the sublimation of other volatiles, such as, for example, CO, could drive the presence of a coma. As CO is not the main ice making up the comet nucleus, the dust release from the nucleus surface resulting from CO drag is expected to be different from that resulting from water. Until now, the only analyses of dust environments driven by CO have been provided by giant comets of different families, namely 29P/SchwassmanWachmann 1 (Fulle 1992) , Chiron (Fulle 1994 ) and C/1995 O1 (Hale-Bopp) (Fulle, Cremonese & Böhm 1998) . Very recently, a thorough analysis of the CO-driven dust environment of an active Centaur at ∼5.5 au (P/2004 A1 (LONEOS)) has been carried out (Mazzotta Epifani et al. 2006) . The CO-driven dust environment for SPCs is at present completely unknown and constitutes a major research topic, also in view of the Rosetta mission (Schwehm & Schulz 1999 ). It will approach the SPC 67P/Churyumov-Gerasimenko and start scientific observations when the comet is 3.6 au from the Sun.
(ii) Dust activity throughout most of the cometary orbit could result in a continuous resurfacing of the nucleus. The cometary activity is likely to alter the surface composition by depositing dust and/or volatiles on the surface (Prialnik, Brosch & Ianovici 1995) , and this could explain the differences in the observed colours of nuclei (Luu 1993; Jewitt 2002) .
(iii) Finally, if the comet is active for a large part of its orbit, the total mass-loss rate should be reconsidered. This has important implications both for the cometary population (the total lifetimes of nuclei could be overestimated) and for the replenishment of the zodiacal dust cloud (Liou, Dermott & Xu 1995) . The long-lasting activity is also closely connected to the presence of a trail, considered to be common to all SPCs (Sykes & Walker 1992) . Space observations of the trails have been possible for a number of SPCs (Sykes & Walker 1992; Davies et al. 1997 ), but recently observations have also been possible from the ground (Ishiguro et al. 2002; 2003) .
In order to investigate the complexity of the transition between a bare nucleus and the presence of a well-developed coma, and to compare activity levels and obtain hints on evolutionary differences resulting from distinct dynamical histories, we started a long-term programme of CCD imaging of distant SPCs. The main aim of our work was to find distant activity, and thus what is seen by other authors as a drawback in their study of bare nuclei is instead the goal of our research. A programme of deep imaging (in the visible spectral range) has therefore been planned for a large number of SPCs, using 2-4-m class telescopes, in order to obtain a coherent set of data. Among the high number of target objects (more than 20) is an active Centaur (with cometary appearance, namely a coma and well-developed tail), which has been observed and thoroughly analysed in Mazzotta Epifani et al. (2006) .
The present paper is the first of a series in which we aim to present the results of the photometric programme of targets pertaining to the family of SPCs, observed at large distances from the Sun, which we initiated in 2004. In Section 2 the observations and the reduction process are described. Section 3 describes the process we used to investigate the presence of activity (when it is not evident by visual inspection). In Section 4 the physical properties of cometary targets, such as the relation between nuclear magnitude and size and the dust activity, are discussed. In Section 5 we describe the results and comment on each target comet, while in Section 6 we present our conclusions and discuss perspectives for future work.
O B S E RVAT I O N S A N D R E D U C T I O N
Potential targets with the following criteria have been listed: heliocentric distance between 3 and 6 au during the observing period, and no preceeding detection of activity at the same or at greater heliocentric distances. This last criterion guarantees no biases in favour of active comets.
CCD imaging of SPCs in the range 3.5 R h 4.4 au was carried out during the night of 2004 December 17/18 with the 3.52-m Telescopio Nazionale Galileo (TNG) at the Observatorio del Roque de los Muchachos (La Palma, Canary Islands). Images were obtained with the DOLORES (Device Optimized for the LOw RESolution) instrument, equipped with a 2k × 2k Loralthinned and back-illuminated CCD with 15-μm pixels (pixel scale of 0.275 arcsec pixel −1 ) and the Cousins broadband filter R. For all comets, at least two long (>600 s) exposures were obtained for the object, with the telescope tracking at a non-sidereal rate corresponding to the predicted motion of the target. All the images were bias-subtracted and flat-fielded in the standard manner, with the aid of the ESO Munich Image Data Analysis System, MIDAS (1998). The bias value was obtained using bias frames with zero-second exposure. A super-flat field was obtained from the average of several twilight sky exposures, collected some days before (December 7) and after (December 19) the observing night.
In order to increase the signal-to-noise ratio of the final image, and in particular to enhance the presence of even a faint coma, we decided to coadd (when appropriate and possible) individual images by means of the following procedure. The position of the comet optocentre in each single image selected for the coadding was determined by fitting a two-dimensional Gaussian to the innermost pixels of the target (the exact number of pixels depending on the target appearance). The images were then recentred using this optocentre and summed. The sky correction for each final image was performed by subtracting a first-order polynomial sky approximation computed from the pixel areas containing no stars. Note: a is the semimajor axis; q is the perihelion distance; e is the orbital eccentricity; P is the orbital period; Peri. is the J2000 argument of perihelion; Node is the J2000 longitude of the ascending node; i is the orbital inclination. Values are taken from the JPL Small-Body data base. Two fragments of the same comet are indicated as distinct targets (see text for more details). Note: UT is the start of exposure or sequence of exposures; R h is the heliocentric distance (I -inbound, O -outbound); is the geocentric distance; α is the phase angle; Exp. is the total exposure time ('n ×' refers to coadded images); Airmass is the airmass of the image; when several frames have been coadded, the average airmass is indicated.
The orbital elements of target comets are reported in Table 1 , and the observing conditions are summarized in Table 2 .
To perform an absolute flux calibration of the comet images, appropriate standard fields from the list of Landolt (1992) (fields RUBIN 152 and SA 101 413) were observed at different airmasses during the observation night. The first part of the night was lost because of weather problems, but the weather improved in the second part, becoming photometric with a photometric accuracy 0.05 mag in the R band. The seeing was not better than 2 arcsec. Because of the weather conditions in the first part of the night, we were forced to change our observing schedule. Most of the comets were therefore unfortunately imaged when they were in unfavourable sky positions (e.g. close to field stars).
S E A R C H F O R AC T I V I T Y
Among the five detected targets presented in this paper, several levels of activity were observed, ranging from a stellar appearance to weak activity to a well-developed coma and tail (summarized in Table 3 ).
If the comet has a stellar appearance, it is generally considered to be inactive and thus to provide an observation of the bare nucleus. It has been shown, however, that a compact coma may be unresolved and yet still influence or even dominate the photometry of a faint comet (Jewitt 1991) . In order to determine whether the bare nucleus was indeed observed, we investigated the (coadded) image of each unresolved comet with the procedure adopted byÓ Ceallaigh, Fitzsimmons & Williams (1995) : because each target had been imaged with the telescope tracking at its non-sidereal rate, the image was rotated around the comet optocentre by an angle corresponding to the direction of the apparent comet motion, so that the trailing of stars was aligned with the pixel columns. Then, three pixel rows of the cometary 'nucleus', centred around the optocentre (found with a two-dimensional Gaussian fit -see previous section), were extracted and averaged to produce a mean profile perpendicular to the apparent motion of the comet. The three central rows of a star trail close to the comet 'nucleus' were extracted to obtain a similar stellar profile in the same rotated image, in order to compensate any systematic broadening caused by the rotation process. Then, after normalization to a value of 1 in the peak (the normalization to 0 in the wings is ensured by the background subtraction), the two profiles were compared to enhance the presence of any cometary activity. In this phase, the goodness of the comparison is strongly influenced by the signal-to-noise ratio in the outer part of the cometary 'nucleus'.
A surface-brightness profile (SBP) was computed by azimuthally averaging the signal within concentric annuli around the photometric optocentre, in order to obtain the surface brightness (SB) λ (ρ) (given in magnitude and computed for a unit solid angle [arcsec 2 ]) at various aperture radii ρ [arcsec] . For a standard steady-state coma, the integrated coma magnitude m coma (ρ) within a diaphragm of radius ρ is related to the SB at ρ as (Jewitt 1991) 
The approximation of a steady-state coma can be questioned, especially in the presence of a non-steady dust appearance as, for example, jets, but in the case of a stellar appearance it can be used to give an estimate of the amount of coma contamination to the bare nucleus. This can be carried out by considering that
By means of the 'growth curve' technique, we determined the reference aperture value p that includes 90 per cent of the photometric light, and by using it in equation (1) we determined the reference integrated coma magnitude to substitute in equation (2), and finally obtained the upper limit of coma contamination in comets with a nuclear appearance.
P H Y S I C A L P RO P E RT I E S

Nuclear magnitude and size
Once the level of coma contamination for an apparently bare nucleus is determined, it is possible to infer some information on the cometary nucleus itself. In fact, considering that
and also that
we can obtain the apparent nuclear magnitude m nucleus from
The nuclear magnitude can be used to compute the mean geometric cross-section for the nucleus, using the expression given by Russell (1916) , derived for asteroids observed at large phase angles, and conveniently reformulated by Jewitt (1991) to give, in the case of a spherical object,
where A is the geometric albedo, r nucleus (m) is the radius of the target, m is the magnitude of the Sun in the same wavelength band of observations (m = −27.10, see Holmberg, Flynn & Portinari 2006) , and α and β are the phase angle and the phase coefficient (in magnitude per degree). As we do not have data acquired over a range of phase angles, we take the commonly assumed value of β = 0.035 mag deg −1 (Lamy et al. 2005) , which has the advantage of ensuring consistency with previous studies on cometary nuclei with the same method (see, for example, Snodgrass, Lowry & Fitzsimmons 2006) . Even though the value of A = 0.04 is usually assumed for a cometary nucleus, values measured for a few comets (see table 4 in Lamy et al. 2005) show that its value in the R band can range from 0.02 to 0.06. Even higher albedo values have been measured for comets pertaining to a dynamically peculiar family: 0.13 for comets Chiron (Bus et al. 1989 ) and 29P/SchwassmannWachmann 1 (Cruikshank & Brown 1983) . It is therefore useful to produce a 'radius curve' to obtain information on the size of the nucleus.
Equation (6) can also be used to give an upper limit for the size of the nucleus of comets clearly showing activity, when considering the total magnitude measured for the object.
Dust activity
A proxy for the dust production is the Afρ value (cm) (A 'Hearn et al. 1984) , where A is the average grain albedo, f is the filling factor in the aperture field of view, and ρ is the linear radius of the aperture at the comet, i.e. the sky-plane radius, already defined in the previous section as the reference aperture. Afρ, interpreted as the percentage of solar radiation scattered by the cometary dust towards the observer, can be obtained by means of the calculated photometric magnitude:
R E S U LT S F O R I N D I V I D UA L C O M E T S
The results of the image analysis are summarized in Table 4 . The final uncertainty in the R magnitude (which propagates in the measurements of r n and of Afρ) is derived from the photometric error σ calib in the calibration curve, taken as the rms of the fit of the standard stars.
36P/Whipple
Fred L. Whipple discovered this comet on a photographic plate obtained with the 115-cm Metcalf telescope in 1933 October, and the comet was pre-discovered (1925 September) by S. Nakano in 1987. Shortly before the pre-discovery epoch, the comet experienced a dramatic decrease in its perihelion distance (from 4.23 to 2.48 au), and since then its perihelion has been continuously and slowly drifting backwards. The comet was imaged by Lowry & Weissman (2003) when it was at r h = 4.43 au inbound, and it was observed as inactive, with a nucleus magnitude m R = 21. radius r nucleus = 2.28 ± 0.21 km (assuming an albedo value of 0.04). The updated catalogue by Tancredi et al. (2006) , based mostly on magnitudes reported to the MPC or to the ICQ, gives for this comet an r nucleus of 2.10 km.
The observations presented in this paper were performed when the comet was at r h = 3.90 au, on its outbound branch. The image presented in Fig. 1 is the result of the coadding of three long exposures (see Table 2 ), for a total exposure time of 6000 s. This very long exposure time allowed us to detect and identify evidence of a weak activity around the nucleus, with an incipient tail-like structure oriented with a position angle of PA = 289.
• 5. This orientation is compatible with the anti-solar direction (PA of the comet: 297.
• 3). This incipient tail-like structure extends (counts above 1σ of the background) at least up to 2.2 × 10 4 km. The coma magnitude appears quite low (m R = 21.22 ± 0.05), placing 36P in the dark group of detected comets presented in this set (see Table 4 ). It results in an upper limit for the nuclear radius of 2.3 km, which is compatible with a previous direct measurement of the bare nucleus (Lowry & Weissman 2003) . We also measured the Afρ value (11.0 ± 0.5 cm), which, compared with values listed in Table 5 , classifies 36P/Whipple as an intermediate active comet: at comparable heliocentric distances, 47P/Ashbrook-Jackson and 69P/Taylor show Afρ values much greater than 36P, while a similar Afρ value has been measured for 43P/Wolf-Harrington at a slightly greater heliocentric distance.
111P/Helin-Roman-Crockett
Comet 111P/Helin-Roman-Crockett was discovered in 1989 January by Eleanor Helin, on photographic plates obtained a few days before by Ron Helin, Brian Roman and Randy Crockett with the 0.46-m Schmidt telescope at Palomar Observatory. The comet was targeted by when it was at r h = 4.35 au outbound, but unfortunately it was not detected. This allowed the authors to give an upper limit on its nuclear radius of 1.5 km (with A = 0.04). NTT observations made at r h = 4.56 au (Delahodde 2003) give a radius of r nucleus = 0.6 ± 0.3 km. The updated catalogue by Tancredi et al. (2006) , based mostly on magnitudes reported to the MPC or to the ICQ, gives for this comet a radius of r n = 1.15 km. The observations presented in this paper were performed when the comet was at r h = 3.47, only a few days before its perihelion. The image presented in Fig. 2 is a single long-exposure (2400 s) frame, and the comet looks stellar. In order to investigate the level of a possible coma contamination of the nucleus, we applied the procedure described in Section 4.1: the comparison between comet nucleus and stellar profile is reported in Fig. 3 . On account of the large error bars, resulting mainly from the low signal-to-noise ratio of the faint comet against the background, it is not possible to discriminate whether there is even a small excess in the cometary image, especially in the wings of the profiles. To give an estimate of potential coma contamination, we measured the mean SB at the reference radius (see previous section) ρ = 2.75 arcsec as λ (ρ) = 25.80 mag arcsec −2 . Equation (1) then gives m coma = 21.61 ± 0.05, which is 89 per cent of the total brightness measured in the reference aperture. This means that, if there is an unresolved coma (and we have no data supporting this hypothesis), it might dominate the photometric light measured from the comet. The high coma contamination value (0.89) would result in a very low nuclear magnitude, derived from equation (5): m nucleus = 23.88 ± 0.05, which results (equation 6) in a subkilometre radius (for A = 0.04) of r nucleus = 0.46 ± 0.01 km. The same equation (6) would give a value of r nucleus = 1.39 ± 0.03 km when using the m R magnitude of Table 4 . Fig. 4 allows us, by considering the total range of albedo values ever measured for SPCs, to derive the region in which the radius of the nucleus of comet 111P/Helin-Roman-Crockett probably lies. (Bus et al. 1989 ) and 29P/SchwassmannWachmann 1 (Cruikshank & Brown 1983) .
159P/LONEOS
The Lowell Observatory Near-Earth Object Search (LONEOS) survey programme (Arizona, USA) discovered this apparently asteroidal object in 2003 October, and originally designated it as 2003 UD16. On November 30, when the comet was at r h = 3.69 au (4 months before its perihelion), a small, condensed coma 11 arcsec (∼2.9 × 10 4 km) across was found on the object. Observations presented in this paper, performed on the cometary outbound orbital branch, show a well-developed coma that is slightly distorted and asymmetric: the image presented in Fig. 5 is a single long-exposure (1200 s) frame. The coma extends (counts above 1σ of the background) up to 2.8 × 10 4 km in the S direction and up to 1.6 × 10 4 km in the N direction. The coma is even more asymmetric along the W-E direction, extending up to 3.6 × 10 4 km in the W direction and up to 1.7 × 10 4 km in the E direction. This S-W coma distortion is consistent with the action of the solar radiation pressure (PA of the comet: 236.
• 9). The superimposed isophote contours enhance the asymmetry of the coma: the faintest value corresponds to 24.89 mag arcsec −2 . Even if observed at ∼4 au, this comet is the brightest of the present set (m R = 18.01 ± 0.05), and is one of the more active comets far from the Sun: its Afρ value is 199 ± 9 cm. The values in Table 5 show that, at similar heliocentric distances, The plotted levels of isophotes are 24.89, 24.33, 23.58, 23.07, 22.83, 22.59, 22.39, 22.08, 21 .83 R-mag arcsec −2 . The inner contours are not plotted.
and comet 69P/Taylor), while at greater heliocentric distances only comet 74P/Smirnova-Chernykh seems to be more active than our targets.
The very high upper limit that could be derived for the nuclear radius (r nucleus 10 km) should be regarded only as indicative, owing to the presence of the well-developed coma. Similar high upper limits [for example, r nucleus 12.7 km for comet 74P/SmirnovaChernykh, see table 3 in Lowry & Fitzsimmons (2001) ] have been derived for comets with actual nuclear radii that are much lower: for example, for the same comet 74P/Smirnova-Chernykh, Tancredi et al. (2006) list a radius of 3.17 km (which in any case is quite large with respect to the average of the SPC family).
P/2004 V5 (LINEAR-Hill)
The discovery and designation history of this object at the end of 2004 were somewhat complicated. An asteroidal object was discovered in 2003 December in the course of the LINEAR (Lincoln Near-Earth Asteroid Research) programme (2003 YM159), but subsequent observations (one year later) in the course of the Catalina Sky Survey revealed that the object was not just a comet, but a disrupted comet. Marsden (2004) announced the new designation of two fragments (A and B) of the SPC (still unnumbered) comet P/2004 V5 (LINEAR-Hill).
Splitting does not appear to be a frequent event among the SPCs, in particular for objects belonging to the Jupiter Family comets: recently, Boehnhardt (2005) found that, from the current catalogue of about 160 (numbered) SPCs, only 10 are known to have split (three of them repeatedly), and one object (3D/Biela) disappeared completely after nucleus splitting. Instead, the early observational work by Chen & Jewitt (1994) showed that a large lower limit to the mean splitting rate of ∼0.01 per year can be estimated for SPCs: this value is also compatible with the splitting rate for SPCs of 1 per cent derived by Weissman (1980) . This high splitting rate would be incompatible with the mean cometary lifetime if the splitting consisted of a monolithic parent nucleus that broke repeatedly into two nearly equal fragments; instead, it supports the idea that each secondary component contains a very minor fraction of the mass of its primary body. This is why the case of P/2004 V5 (LINEARHill), which split into two fragments ejecting similar amounts of dust (see below), is so peculiar in the framework of the SPC family While a number of splitting scenarios have been proposed and modelled for various comet families, the majority of splitting events happen for unknown reasons: only for one comet, D/1993 F2 (Shoemaker-Levy 9), do modellers agree on the fragmentation scenario, namely tidal splitting close to Jupiter. Comet 73P/Schwassmann-Wachmann 3 is experiencing an almost disruptive continuous splitting event, which started in 1995 and recently has been well observed thanks to its close geocentric passage. Rotation and internal thermal stress have been proposed as possible causes of disgregation.
In order to search for possible causes of splitting, we carefully analysed the dynamical history of both fragments by means of the JPL Horizons Ephemeris System: integration from discovery back to 1800 January 1 showed that both fragments passed quite close to Jupiter in 1823 February (0.83 and 0.89 au, respectively) and in 1846 September (0.82 and 0.84 au), but the passage was not close enough to cause a significant tidal effect on the body. Sekanina (2005) applied his fragmentation model to this object and concluded that the two nuclei could have broken apart around 2001, at a heliocentric distance of about 6.3 au and 2.5 yr before perihelion. This should be considered also taking into account that only one (apparently asteroidal) object was found during the LINEAR programme in 2003: if the 2001 fragmentation were confirmed, this could mean that the secondary (fainter) component became visible only when the decreased heliocentric distance allowed a high enough level of cometary activity.
P/2004 V5 A
Thanks to the relatively large DOLORES field of view, the two fragments of P/2004 V5 (LINEAR-Hill) have been imaged on the same frame. Once the appropriate subimage had been selected in the original frame, each target was treated as a single cometary object. The image presented in Fig. 6 is related to the A fragment of the comet, and is the result of the coadding of two exposures, for a total exposure time of 1500 s. Unfortunately, the observing field of this fragment was unfavourable, the comet being very close to a bright star. (As a result of bad weather in the first part of the night, we had to reschedule the observation of this comet.) Nevertheless, an analysis of the dust activity was possible. The A fragment is clearly active, with a well-developed coma and an incipient elongated dust tail. The coma is fairly symmetric in the inner part: isophotes are also shown in Fig. 6 . The reference aperture (see Section 3) diameter is 1.5 × 10 4 km, but the coma extends (above 1σ with respect to the background) up to 3 × 10 4 km in the E direction. Even if the two fragments are the most distant targets observed in the sample set (A was at a heliocentric distance >4.4 au), they are both quite bright: the A-fragment magnitude is m R = 18.32 ± 0.05 (only 159P/LONEOS is brighter in the sample set). The presence of the bright field star, and of its bright spurious light, prevents us from obtaining an accurate measurement of the extension of the dust tail, which is oriented with PA = 281
• . The fragment is very active: its Afρ value is 224 ± 10 cm (the greatest value in the sample set). Values in Table 5 show that only 24.22, 23.94, 23.54, 23.08, 22.64, 22.32, 21.88, 21.33, 21 .13 R-mag arcsec −2 . The inner contours are not plotted.
comet 74P/Smirnova-Chernykh is more active at a similar heliocentric distance. Similar values of Afρ have been measured for a number of SPCs at much smaller heliocentric distances (for example, 206 cm for 81P/Wild 2 at r h ∼ 2.6 au, Schulz et al. 2003) .
For P/2004 V5 A only a very high upper limit for the nuclear radius can be derived from the measured coma magnitude, namely r nucleus 12.2 km, but this value should be regarded only as indicative, owing to the presence of the well-developed coma. According to Tancredi et al. (2006) , a nuclear radius greater than 10 km would be very unusual for the SPC family.
P/2004 V5 B
The B fragment of the comet P/2004 V5 (LINEAR-Hill) was off by only ∼2.1 arcmin with respect to the A fragment. The image presented in Fig. 7 is the result of the coadding of two exposures, for a total exposure time of 1500 s. Similar to the case of fragment A, the B fragment of the comet is very close to two field stars; however, an analysis of the dust activity was possible. The B fragment is also clearly active, with a well-developed coma and an incipient elongated dust tail. The coma is fairly symmetric in the inner part: isophotes are also shown in Fig. 7 . The reference aperture (see Section 3) diameter is 1.35 × 10 4 km, but the coma extends (above 1σ with respect to the background) up to 9 × 10 3 km from the optocentre in the N direction and up to 2.2 × 10 4 km from the optocentre in the S direction. The tail-like structure extends at least up to 5.6 × 10 4 km (the presence of a field star prevents us from investigating a further extension), and its axis is oriented with PA = 277
• . The orientation of the tail is only 4
• off the anti-solar direction (PA of the comet: 273.0
• ). Despite its large distance from the Sun, the B fragment is also bright and active: its magnitude is m R = 18.92 ± 0.05 (slightly . The adopted scale is a jigsaw one, in order to enhance the tail above the background. N is up, E is to the right; the field of view is 69 × 69 arcsec 2 . The plotted levels of isophotes are 24.82, 24.38, 24.07, 23.83, 23.54, 23.25, 23.08, 22.32, 21.88, 21.51, 21.33, 21 .23 R-mag arcsec −2 . The inner contours are not plotted.
darker than the A fragment), for a nuclear radius upper limit of r nucleus 9.2 km, and its Afρ value is 143 ± 7 cm.
S U M M A RY A N D C O N C L U S I O N S
We have started a long-term programme to obtain images of a number of SPCs when they are at large heliocentric distances (>3-4 au) and to investigate the possible presence of activity (coma and possibly even long dust tail). During the first observing run of the campaign we obtained R images of five targets: 111P/HelinRoman-Crockett (hereafter 111P/H-R-C), 36P/Whipple, 159P/ LONEOS, and the two close fragments A and B of the unnumbered comet P/2004 V5 (LINEAR-Hill). The degree of activity observed for these distant targets is highly variable: from a stellar appearance (111P/H-R-C), to weak activity (36P/Whipple), to very significant activity, with a coma and well-developed dust tail (159P/LONEOS and the two fragments of P/2004 V5). For the apparently 'stellar' 111P/H-R-C it was possible to derive a range for the nuclear radius r nucleus from 0.46 to 1.39 km (assuming a 'classical' albedo value of 0.04), depending on the presence of an unresolved coma. Our value is compatible with previous measurements obtained as upper limits.
The range of measured Afρ values for active targets reflects the degree of observed coma activity. Although observed at very similar heliocentric distances (∼4 au), 36P/Whipple and 159P/LONEOS display very different dust activities (Afρ and 199 cm, respectively). 36P/Whipple is more 'typical' and its activity is largely dwarfed by the other targets: 159P/LONEOS and the two fragments of P/2004 V5 have, at heliocentric distances greater than 4 au, an activity comparable with that of other SPCs at lower heliocentric distances, for example 81P/Wild 2 (∼200 cm at 2.6 au, Schulz et al. 2003) , and similar to values measured for 'new' comets very close to the Sun, for example C/2000 WM 1 (∼200 cm at 1.21 au, Lara et al. 2004 ).
The first part of our extensive analysis, presented in this paper, confirms that a surprisingly high number of SPCs are unexpectedly very active, with a coma and even long dust tail, at large heliocentric distances where water-ice sublimation cannot explain the stable coma and tail formation. The determination of which volatile species could drive the formation of the coma observed in the continuum can provide important information on the composition of the nucleus and on its formation and evolution: the most probable 'candidate' for distant emission is the CO molecule, which is relatively abundant in cometary nuclei (up to 24 per cent relative to water in some comets) (Bockelée-Morvan et al. 2005) . It should be noted that CO (and other molecules much more volatile than water) can be present in the nuclei not only as pure ice but also as a gas trapped in the cells of amorphous water ice, and could be released both by means of pure ice sublimation and during the amorphouscrystalline phase transition. The 'activation temperatures' for the two processes are very different, and correspond to different heliocentric distances (see Meech & Svoren 2005 for a complete list of temperature regimes for the onset of cometary activity). If we assume that a body contains a CO reservoir, and that this reservoir is reached by the thermal wave generated by the solar input, we can explain cometary activity at distances even farther out than the Centaurs region.
Recently, a strong correlation has been observed between the activity of SPCs at large heliocentric distances and the dynamical history of the object, and in particular the occurrence of a recent jump in perihelion distance (Licandro et al. 2000) . Following these authors, the activity can be explained with the hypothesis of mantle formation: large grains that cannot be lifted by the outflowing gases remain on the nucleus, progressively forming a dust crust. When a comet experiences a sudden decrease in its perihelion distance (for example as a result of a close encounter with a giant planet), the rise in the perihelion temperature induces an increase in the vapour pressure, and so, after a number of passages at the 'new' perihelion distance, the crust is blown off, exposing large areas of fresh ice to the heat of the Sun. Unfortunately, we could not observe this correlation in the sample of targets presented in this paper: Table 6 summarizes the recent variation q of the perihelion distance for target comets: the variation has been computed as the difference between the perihelion distance just before the observation date and the distance of the last perihelion 150 yr before the observation. Dynamical data are taken from the JPL Horizon Database. From the data in Table 6 we see that the most active comets, observed with a tail at R h > 4 au (159P/LONEOS and the two fragments of P/2004 V5), have been reasonably stable in their orbit for the past 150 yr, whereas on the other hand the comet with the largest q (36P/Whipple) was observed at R h = 3.5 au with a weak activity, even after several passages at its 'new' perihelion. Table 6 . Dynamical history (perihelion distance variation) of target comets in the past 150 yr. The variation q of the perihelion distance has been computed as the difference between the perihelion distance just before the observation date and the distance of the last perihelion 150 yr before observation. Dynamical data are taken from the JPL Horizon Database. On the other hand, the splitting of P/2004 V5 could be regarded as a possible cause of the high distant activity of the two fragments: such a process would reveal large amounts of fresh ice to solar heat, and there would be no need to correlate the high activity with a recent change in perihelion distance for this comet.
We can conclude that the hypothesis of distant activity triggered by a rise in perihelion temperature cannot be univocally invoked for these comets, but our sample is too small to perform a statistically meaningful analysis and therefore to derive a more general conclusion.
